Colon cancer is heterogeneous in clinical behavior and in the molecular mechanisms underlying its pathogenesis. Markers that identify these heterogeneous groups are needed to implement tailored therapeutic strategies. In the adjuvant setting, TNM classification remains the only validated prognostic tool. Since the seminal paper by Watanabe et al. (1) , a myriad of candidate molecular biomarkers has been reported, but none has been rigorously assessed in a large patient dataset by multivariable analysis and subsequently implemented into clinical practice (2) (3) (4) . Reasons for this include the limited number of patients studied, retrospectively collected heterogeneous patient series, lack of validation series, and lack of multivariable assessment to identify individual contributions (5, 6) . Currently stage II colon cancer, a group where treatment decisions depend largely on prognostic prediction, is assessed by a set of high-risk markers (ASCO markers), whereas stage III cancers are undifferentiated and all are treated. The aim of this study was to identify prognostic subgroups in stage II and III colon cancer by careful assessment of clinical and molecular markers (7, 8) .
We addressed this in a large randomized phase III trial (PETACC3, ClinicalTrials.gov NCT00026273) in which 3278 patients were accrued to assess the influence of adding irinotecan to 5-fluorouracil/ leucovorin (5-FU/LV) in the adjuvant treatment of stage II/III disease (8) . The trial did not meet its primary endpoint, and after a median follow-up of 66.3 months, no difference in disease-free survival (DFS) or overall survival (OS) was observed. During accrual, formalinfixed paraffin-embedded (FFPE) tissue samples of the colectomy specimens from 1564 patients were prospectively collected, and the status of tumor molecular markers previously identified as promising for outcome in this setting was assessed. These included KRAS and BRAF mutations, loss of heterozygosity at chromosome 18q21 (18qLOH), microsatellite instability (MSI), and SMAD4 protein expression (7) . We have performed multivariable analyses to establish which among the five promising markers have the most clinically significant prognostic value. In addition, we explored the possibility of constructing classification algorithms using the strongest variables to identify novel prognostic subgroups after adjuvant treatment but currently not addressed by TNM staging alone.
were eligible for the clinical study. After providing written informed consent in which the planned translational study program was clearly specified, patients were randomized to receive 6 months of either 5-FU/LV alone or in combination with irinotecan on one of two different schedules and were then regularly followed up (8) . On the first schedule, patients received irinotecan (180 mg/m 2 as a 30-to 90-minute infusion, day 1) and 5-FU/LV as the LV5FU2 (de Gramont) regime (LV 200 mg/m 2 as a 2-hour infusion, followed by 5-FU as a 400 mg/m 2 bolus and then a 600 mg/m 2 continuous infusion over 22 hours, days 1 and 2) every 2 weeks for 12 cycles or LV5FU2 alone on the same schedule. On the second schedule, patients were randomized to receive irinotecan (80 mg/m 2 as a 30-to 90-minute infusion, day 1, every week for 6 weeks, followed by 2 weeks' rest, for up to four cycles) and high-dose 5-FU on an Arbeitsgemeinschaft Internische Onkologie (AIO) schedule (LV 500 mg/m 2 as a 2-hour infusion, followed by 5-FU 2000 mg/m 2 as a 24-hour infusion, on the same days as irinotecan) or the AIO regimen alone. The primary study endpoint was DFS, defined as the time from the date of randomization to the first date of local, regional, or distant relapse, second primary malignancy (colon or other) or death. The secondary efficacy endpoints were relapsefree survival (RFS), defined as the time from the date of random allocation to the first date of local, regional, or distant relapse, the occurrence of a second primary colon cancer or death, and overall survival (OS), defined as the time from random allocation until death (8) .
Tumor biomarkers were analyzed in a subpopulation of these patients called the marker analysis population, and RFS was taken as the primary endpoint instead of DFS in order to avoid interference due to the occurrence of second primary malignancies other than colon by censoring them. Patient characteristics in the marker analysis population are detailed in Supplementary Tables 1 and 2  (available online) .
KRAS and BRAF Mutation Detection FFPE tumor and normal tissue was macroscopically dissected and genomic DNA was extracted using a standard phenol/chloroform extraction protocol (7) . KRAS (codons 12 and 13) and BRAF (V600E) mutations were determined by an allelic discrimination assay. Briefly, for the first 600 cases, the presence of KRAS mutations were determined by direct sequencing of a 286-base pair fragment of KRAS exon 2 (PCR primers; Supplementary Table 3 , available online). PCR amplification was carried out as previously described (9) . One microliter of digested DNA was added to a 50 µL reaction containing 0.2 µM of each primer, 0.2 mM of each dNTP, 2 mM MgCl 2 and 1.5 U of a Taq DNA polymerase (Roche Diagnostics, Vilvoorde, Belgium). PCR reactions were performed in a GeneAmp PCR system 2700 thermal cycler (Applied Biosystems, Foster City, CA) under the following conditions: an initial incubation at 95°C for 5 minutes, 40 cycles of 95°C for 30 seconds, 55°C for 30 seconds, and 72°C for 1 minute, followed by a final extension at 72°C for 7 minutes. The presence of an appropriately sized PCR product was confirmed by resolving on a 2% agarose gel. PCR products were purified using ExoSAP-IT (USB Corporation, High Wycomb, UK) and sequenced using fluorescent BigDye-terminator cycle sequencing kit (Applied Biosystems). Sequencing reaction products were resolved on an ABI 3100 sequencing instrument (Applied Biosystems). Mutations were identified by visual analysis of the sequence chromatograms using SeqMan (DNAStar) or SeqScape (Applied Biosystems).
Because of the low success rate of this technique in FFPE samples, we subsequently switched to and analyzed all samples with an allelic discrimination assay on a 7500 Real Time PCR System (Applied Biosystems) (9, 10) . Seven KRAS exon 2 mutations were screened for: G12V, G12D, G13D, G12C, G12A, G12S, G12R located within the codon 12, and G13D in codon 13. This technique was also used to screen samples for the BRAF mutation at codon 600 and is based on that initially published by Lievre et al. (9) . Briefly, the presence of mutations in KRAS and BRAF was determined by an allelic discrimination assay on an ABI 7500 Sequence Detection System (Applied Biosystems). Brie y, reactions were performed in 25 µL comprising 10 ng of DNA, 1X of speci c primers and probes, and 1X TaqMan Universal PCR Master Mix (Applied Biosystems). DNA was then submitted to the following cycle conditions: 95°C for 10 minutes; 50 cycles, 92°C for 15 seconds; and 60°C for 1 minute. Data were analyzed with SDS v1.3 software (Applied Biosystems).
Loss of Heterozygosity of Loci at Chromosome 18q21
Loss of heterozygosity (LOH) analysis of loci at chromosome 18q21 was performed in DNA samples by genotyping seven single nucleotide polymorphisms (SNPs) in the selected region by pyrosequencing on normal and tumor DNA. 
Microsatellite Instability
MSI was analyzed using a panel of 10 different microsatellite loci containing mono-or dinucleotide repeated sequences, as recommended by the international guidelines for evaluation of MSI in colorectal cancer (11) . The panel consisted of the five markers from the Bethesda reference panel, with the addition of five markers that were also suggested during the International Workshop on HNPCC in 1997. Eight of these markers were organized into two multiplexes: multiplex-A, with BAT-25, BAT-26, D2S123, and D5S346; and multiplex-B with TGFBR2, BAT-40, D17S787, and D18S69. D17S250 and D18S58 were run in separate PCR reactions. PCR fragments were labeled with 6-FAM, HEX, or TET. Amplicons from paired tumor and normal DNA from the same patient were analyzed on an ABI 3100 Genetic Analyzer (Applied Biosystems). Primers (Applied Biosystems) were diluted in sterile water to a final concentration of 100 µM and stored at −20°C. After optimizing procedures, optimal PCR mixes were defined. Each reaction volume of 25 µL consisted of 10-20 ng template, primers (concentrations ranged 0.125-5 µM), PCR Master Mix containing Taq DNA polymerase, MgCl 2 , dNTPs, and reaction buffer (Promega Benelux, Leiden, the Netherlands), in sterile water. Reactions were performed on a GeneAmp 9700 Thermal Cycler (Applied Biosystems) and, after an initial denaturation step at 95°C for 2 minutes, were cycled 35 times at a denaturation of 95°C for 30 seconds, annealing at 55°C for 30 seconds, and extension at 72°C for 30 seconds, after which a final extension step at 72°C for 7 minutes was performed. PCR products were analyzed using the automated ABI Prism Sequencer Model 3100 Genetic Analyzer (Applied Biosystems). In brief, deionized formamide was combined with GeneScan 120 LIZ size standard (Applied Biosystems) and 1 µL of PCR product in a genetic analyzer sample tube using Multiprobe II Automated Liquid Handling System (Perkin-Elmer Life Sciences, Wellesley, MA). Samples were then denatured in a heat block for 3 minutes at 95°C, chilled on ice, and stored at −20°C prior to loading on the ABI Prism 3100 Genetic Analyzer. The run was carried out in accordance with the supplier's protocol. Loci were scored for MSI using GeneScan software (Applied Biosystems). Only those fragments in which both tumor and normal DNA showed signals above background levels were considered assessable. A locus was scored unstable if unequivocal instabilities were seen in the tumor sample in comparison to the paired normal DNA. These instabilities could be either the appearance of additional peaks or shifts in fragment lengths. MSI was graded as high (MSI-H) when 30% or more of markers were unstable, low when 10%-20% of markers were unstable, and stable when all markers displayed no instability. For the statistical analysis, MSI Iow (MSI-L) and MS stable (MSS) populations were pooled and identified as MS-L/S (12).
Immunohistochemistry
The expression of SMAD4 was determined by immunohistochemistry (IHC), following a standard streptavidin/peroxidase procedure. Deparaffinization and rehydration of the sections was followed by heat-induced epitope retrieval, and sections were stained with Smad4 (B-8 clone) mouse monoclonal antibody (0.2 mg/mL; Santa Cruz Biotechnology, CA), which recognizes the full-length human SMAD4 molecule (amino acid 1-552).
Semiquantitative scoring of the IHC staining was performed by two independent observers per marker. Scoring was based upon the percentage of tumor cells stained in an overall assessment of all tumor tissue available. Occurrence of clusters of unstained cells was considered as loss, regardless of the percentage of unstained cells. A representative example of loss of focal expression of SMAD4 is shown in Supplementary Figure 2 (available online).
Statistical Analysis
Relationships between the occurrence frequencies of variables were evaluated by Fisher's exact test. Prognostic importance of variables was assessed using Cox's proportional hazard regression models; data were summarized with hazard ratios (HR) and their 95% confidence intervals (CI); and P-values were estimated by Wald tests or likelihood ratio tests (LRT). Graphical assessment of proportional hazards based on Schoenfeld residuals showed no important departure from proportionality (no association with time) for any of the variables.
The significance of an interaction term with stage and treatment, respectively, was also tested by a Wald test in presence of both main effects. The Kaplan-Meier method was used to compute survival curves, median survival, and estimated survival rates at fixed time points, and differences between curves were assessed using the log rank test. Recursive partitioning trees for survival were constructed using the algorithm in the party (13) add-on package to the R software system, which implements a method that separates the variable selection and splitting steps. The method is based on locally optimal decisions and, like recursive partitioning methods in general, does not additionally search for a globally optimal solution. At each node, rejection of the global null hypothesis of independence between the response and each covariate at a specified level of significance (.05) was tested. If rejected, the node was split using the explanatory variable most strongly associated with survival. The binary partition is then performed taking the partition that maximizes a two-sample statistic (13) . All variables we considered were categorical, with prespecified level two for BRAF mutation, SMAD4 expression, and MSI status, and three for nodal status and T stage.
Patients with missing values for the variables used were retained in the multivariable regression models, introducing a separate level for the missing values, but were excluded in the tree and the followup analyses about prognostic subgroups.
All reported P-values were two-sided. The reported P-values were not adjusted for multiple testing, but the cutoff for statistical significance was set at .01, corresponding to the usual cutoff of .05 adjusted with a Bonferroni correction for five tests. The main aim of the study was to make decisions regarding the prognostic role of the five molecular markers included in the study. Further correction due to the multiplicity of models (OS, RFS, univariate, and multivariable models) was not performed, considering that the results of these four models are positively correlated to each other. The same cutoff was used for testing significance of interaction terms with stage and treatment (OS and RFS, univariate only for each of the five molecular markers). In this way, good statistical power could be maintained without inflating the risk for type II errors (false negatives). Analyses were performed using the R software system for statistical computing (14) .
Results
The pathology material from each enrolled patient was prospectively requested from participating institutions, and samples from 1564 patients were successfully collected during study accrual. The final marker analysis population (MAP) comprised 1404 patients for whom marker status was evaluable and associations with outcome were investigated. The MAP demographic characteristics were comparable with those in the total population of 3278 patients enrolled (Supplementary Figure 1 , available online, and Table 1 ). Three-year survival proportions for RFS and OS were similar for the MAP (n = 1404 patients) and for the full analysis population enrolled in the PETACC3 study (n = 3278), with a slight advantage for the subset analyzed in the MAP for RFS (Supplementary Table 4 , available online). Median follow-up in the MAP was 69 months.
The frequencies of alterations observed for each marker were in accordance with earlier published data from which the markers were selected (Table 1) (15) (16) (17) (18) (19) . MSI-H was statistically significantly more frequent in stage II than in stage III disease (22% vs 12%, P < .001), and SMAD4 loss of expression was statistically significantly more frequent in stage III than in stage II (23% vs 18%, P = .03) ( Table 1) .
The aim of the patient survival analysis was to assess the prognostic value of five molecular markers (BRAF and KRAS mutations, 18q LOH, SMAD4 protein expression, and MSI). Decision making was based on Cox regression models for two endpoints (RFS and OS) in multivariable models, with univariate models as an additional test to interpret the observations. Additional analyses tested for differential prognostic effects by stage and by treatment (predictive effects) using interaction tests in univariate regression models. Test results with a P-value less than .01 were considered statistically significant.
The impact of the studied parameters on outcome by univariate analyses is reported in Table 2 . RFS was strongly associated with T stage, N stage, number of lymph nodes examined, age, MSI status (HR 0.49, 95% CI = 0.34 to 0.69, P < .001) and SMAD4 expression status (HR 1.67, 95% CI = 1.35 to 2.05, P < .001), whereas only a trend of association with 18qLOH status was observed (HR 1.27, 95% CI = 0.97 to 1.66, P = .09).
In the analysis of factors predicting OS, results for T stage, N stage, number of lymph nodes examined, age, MSI status, and SMAD4 expression status were comparable with those described for RFS (Table 2 ). In contrast, 18qLOH status did not have any prognostic value for OS (HR 1.06, 95% CI = 0.78 to 1.45, P = .71). However, BRAF mutation status was prognostic for OS (HR 1.63, 95% CI = 1.13 to 2.35, P = .009) but not for RFS, in line with our previous report (10) .
Results from univariate analyses for OS and RFS were unchanged when adjusted by treatment (Supplementary Table 5 , available online).
We next performed multivariable analysis to identify independent predictors of outcome. Multivariable modeling identified T stage, N stage, number of examined lymph nodes, age, MSI status (HR 0.54, 95% CI = 0.37 to 0.81, P = .003), and SMAD4 expression (HR 1.47, 95% CI = 1.19 to 1.81, P < .001) as the most important independent determinants of RFS (Table 3 ). In particular, MSI and SMAD4, despite being associated with each other and with other prognostic variables (Supplementary Tables 6 and 7 , available online), both contributed additional prognostic information in a model with all other factors included. Notably, 18qLOH status lost all prognostic value for RFS when analyzed in a multivariable model (HR 0.93, 95% CI = 0.70 to 1.24, P = .64).
In the multivariable analysis for factors predicting OS (MSI-H status: HR of death = 0.43, 95% CI = 0.27 to 0.70, P = .001; SMAD4 loss: HR = 1.58, 95% CI = 1.23 to 2.01, P < .001), results were comparable with those described for RFS (Table 3) . A notable exception was again that BRAF mutation status was prognostic for OS (HR 1.56, 95% CI = 1.02 to 2.39, P = .04) although not for RFS, in line with our previous report (10) .
We examined the data to identify if any of the prognostic effects found with the molecular markers were different between stage II and stage III disease by testing interaction terms in survival regression models with stage and one marker at a time (Supplementary  Table 8 , available online). No statistically significant differences were found (all P > .01). Similarly, no strong evidence was found for differences of effects among the two treatment arms (Supplementary Table 9 , available online). Thus, the results presented above in the full cohort are meaningful average effects across the two stages and are independent of the addition of irinotecan to 5-FU in the adjuvant treatment. However, the power to detect such differences is not high, and the possibility of moderately different effects by stage or treatment cannot be excluded as discussed below.
In order to confirm that the strongest molecular predictors of survival could be integrated with the dominating role of T and N stage in our survival data, we applied recursive partitioning prognostic models. Analysis for RFS (Figure 1 ) with only T and N variables gave a prognostic tree model that resulted in six prognostic subgroups (Figure 1, A) : N2, T4N1, T3N1, T(1,2)N1, T4N0, and T3N0. This model agrees remarkably well with the recent findings of the AJCC (20, 21) and supports the efficacy of this approach. If a less stringent cutoff level was used, the model was refined to include further subdivision of the N2 group by T stage.
When the molecular variables, SMAD4 expression, MSI status, and BRAF mutation status, were integrated into the model, SMAD4 expression and MSI status but not BRAF mutation status were included in prognostic trees for both RFS (Figure 1, B) and OS (Figure 2, B) . Under patient resampling, the detailed structure of the tree was not stable, but MSI and SMAD4 were almost always used (MSI 98%, SMAD4 95% of the RFS trees). When analyzing patient subsets, the most important prognostic contributions of the molecular markers evidenced by the trees were the prognostic stratification by SMAD4 expression status in both the stage III subgroups-the N1 and N2 groups-and the stratification by MSI in the N0 and N1 groups, that is in stage II but also in the T3N1 subgroup of stage III.
To better identify the potential contributions of the molecular markers in the clinical setting, we further tested the potential refinement of risk estimation in N0 groups stratified by MSI status and in the T3N1 group (the largest TNM subgroup in our data) by concomitant use of MSI and SMAD4 status.
Patients with T3N0/MSI-H tumors (66/318, 21% of T3N0) had estimated 5-year RFS and OS rates of 97.0% (95% CI = 92.9 to 100) and 98.5% (95% CI = 95.6 to 100), respectively ( Figure 3 , A and B). Patients with T4N0/MSI-H tumors (20/77, 26% of T4N0) had 5-year RFS and OS rates of 85% (95% CI = 71 to 100) and 95% (95% CI = 86 to 100), respectively ( Figure 3, A and  B) . In patients with N0 tumors with MSI status (N = 395), the improvement obtained in prediction of long-term outcome with the use of the MSS/MSI-H split was, judged by HR and LRT, no less important than that obtained with the use of the T3-T4 distinction. Thus, for predicting RFS and OS, respectively, for MSI (MSS vs MSI-H), HR = 0.26, P < .001, and HR = 0.16, P < .001, and for T stage (T3 vs T4), HR = 2.4, P = .001, and HR = 2.3, P = .015. The analysis was not powered to address the question whether the predictive role of MSI status for RFS and OS, respectively, was of the same magnitude in T3N0 tumors, HR = 0.16, P < .001, and HR = 0.12, P = .004, compared with the smaller group of T4N0 tumors, HR = 0.38, P = .077, and HR = 0.18, P = .033. These results confirmed the evidence for the strong prognostic relevance of MSI status in stage II colon cancer and the considerable importance for its use in treatment decisions in association with T stage.
We similarly explored the inclusion of MSI and SMAD4 expression status for risk stratification of patients in the T3N1 subgroup (n = 408 after exclusion of MSI and/or SMAD4 cases with missing values). The addition of either factor was statistically significant (LRT: P = .03 for MSI; P = .01 for SMAD4). The RFS (Figure 4 , A) and OS (Figure 4, B) curves for the T3N1 populations are shown. In patients with T3N1 tumors, the 5-year RFS was 72% 
Discussion
In colon cancer, clinical practice is still entirely based on T and N stage. A variety of markers have been proposed to refine T-and N-based groups, but their integration into the clinical setting requires extensive validation of their relative value and optimal use (2, 6) . In this study, we have provided an integrated analysis of both clinical and molecular markers to assess their relative value and optimal positioning in the diagnostic workup. For this, univariate and multivariable analysis tools and recursive partitioning were used.
Considering the heterogeneity of colon cancer and the complex interactions between markers, the estimation of prognostic effects depends on which variables are included, perhaps explaining some of the inconsistencies reported between studies. The most useful data are those from multivariable models attempting to include all relevant factors. The design of the PETACC3 trial allowed the inclusion of multiple clinical, pathological, and molecular variables in a multivariable model, without the issues of validity that accompany large studies that collect data from multiple sources (22) . The aim of the study was to make decisions on the evidence for a prognostic role of five molecular markers in the presence of a full set of important adjustment variables.
In terms of validation of previously proposed biomarkers, our dataset suggests, in agreement with others (5) , that 18qLOH is less important than previously assumed. Since Jen et al. (23) published the prognostic significance of 18qLOH in stage II colorectal cancer, later confirmed in stage III disease (1), interest in this marker has remained, although subsequent studies failed to confirm these findings (24, 25) . A meta-analysis performed on 17 publications concluded that prospective studies using consistent methodology JNCI | Articles 1641 jnci.oxfordjournals.org are needed to quantify the effect of 18qLOH and its role in patients with stage II-III disease (15) .
SMAD4 is an important transcriptional mediator in the TGF-β signalling pathway and has been implicated in colon cancer development in preclinical studies (26, 27) . Loss or low expression of SMAD4 has been associated with poor prognosis in colorectal cancer patients in small series (28, 29) . Ours are the only data so far based on a large homogeneous series to further validate SMAD4 expression status as an independent prognostic variable. We conclude, therefore, that even focal loss of expression of SMAD4 is a good candidate for patient stratification in stage III disease. Furthermore, BRAF mutation status was found to be a predictor of OS despite not having prognostic significance for RFS, suggesting that its effect is primarily on survival after relapse, as we reported previously (30) . SMAD4 expression status, however, was predictive of both RFS and OS and may be a more important tool to predict relapse of stage III disease after adjuvant treatment.
We confirmed and expanded on earlier findings that MSI status constitutes a remarkable prognostic factor in stage II/III disease (31, 32) . The major effects on both RFS and OS, recently reported in untreated populations (33, 34) , were reproduced in treated patients in PETACC3. Consistent with the report by Kerr et al. (33) , we found the effect of MSI status was strong and independent Tables 8 and 9 , available online).
One observed trend implies the possibility of a stronger prognostic effect of MSI in stage II compared with stage III disease, which was also found for 18qLOH (Supplementary Table 8 , available online). A more surprising trend was found with SMAD4 expression, which might imply that the addition of irinotecan would be harmful in the high-risk subgroup that has partial loss of SMAD4 expression and conversely might be of higher benefit in the population that has no loss of expression (Supplementary  Tables 9 and 10 , available online). Although this test reached borderline statistical significance (P = .02), its implications seem implausible, but the association should be reanalyzed in future data.
Finally, our analyses suggest that clinically relevant refinement of prognostic assessment with TNM classification might be achieved with the inclusion of information on molecular markers. Although used as a pretherapy staging system, TNM is based on the study of cohorts of treated and untreated patients (21) . As such, it can be used as a basis for the exploration of new markers arising from the study of patient populations followed from the time of diagnosis, which might have the potential to refine it. MSI-H, Figure 2 . Conditional inference trees incorporating molecular variables with TNM staging into prognostic models for OS: A) based on T and N stages; B) MSI status, SMAD4 expression status, and BRAF mutation status were introduced to test how they might improve the prognostic value of TNM staging. P-values are from log-rank statistics. LOE = loss of expression; MSI = microsatellite instability; MSI-H = microsatellite instability high; MS-L/S = microsatellite instability low and microsatellite stable; OS = overall survival.
loss of SMAD4 expression, and BRAF mutated tumors constitute patient subgroups that are relatively small, limiting the variation in survival that can be explained by these variables. Nonetheless, this study was large enough for a fairly precise estimation of the differences. With hazard ratios of similar sizes as those from the T and N subclasses, the prediction of patient survival for these groups could be substantially improved clinically by the inclusion of the biomarker information. This study also had some limitations. A trend to a possible interaction between irinotecan and SMAD4 needs to be further investigated in a larger cohort. All patients in our cohort received adjuvant treatment, and therefore these results would be strengthened if replicated retrospectively in an untreated patient population to ensure the absence of treatment interaction. Additionally, as for any work of this kind, a validation in other series would be appropriate.
How to incorporate these variables into current clinical practice requires further study. The exploratory statistical models from our data suggest several relevant possibilities. Thus, in the T3N1 group, patients with MSI-H tumors with no loss of SMAD4 expression (11%) had survival similar to those with T3N0 tumors (stage IIA disease), whereas those with tumors displaying MS-L/S and loss of SMAD4 expression (20%) had statistically significantly worse survival, approaching that of the T3N2 population (Figure 4 ). If replicated in untreated patients, this result could imply that 11% of the T3N1 population could be spared adjuvant chemotherapy, allowing cost containment and avoiding unnecessary toxicity. The same reasoning might hold true for patients with T4N0M0, MSI-H tumors (26% of the T4N0M0 population) whose survival was comparable with that of patients with T3N0M0 tumors (Figure 3 ) but was higher than that of the patients with T3N0M0 and MS-L/S tumors. We emphasize that all patients in PETACC3 received adjuvant therapy and therefore these results cannot be translated directly into clinical practice. However, a recent report on the molecular risk score performed on stage II patients in the QUASAR study, which includes a no adjuvant treatment arm, suggested that the molecularly assessed risk or recurrence was not substantially affected by the treatment and that it had no important relationship with adjuvant treatment efficacy (35) . Therefore, once they are validated in other series, our results should serve as a basis for the refinement of future clinical investigations into the adjuvant treatment of colon cancer.
In conclusion, our data indicate that after further validation in large multivariable analyses, the integration of molecular markers might improve the risk assessment of stage II and III colon cancer. Given that informative molecular markers will continue to be discovered in the postgenomic era, the challenge will be to develop and validate combinations of variables with independent contributions to prognosis in multifactorial models. This will facilitate the development of more personalized therapeutic strategies for the benefit of the individual patient.
